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(54) BALL LINEAR GUIDE AND MANUFACTURE THEREOF 

(57)Abstract: 

PROBLEM TO BE SOLVED: To accomplish high speed 
rotation, low vibration, and a long life by providing an 
inlet and an outlet for a ball in both ends of a dovetail 
tenon of a unitary construction and arranging a tunnel 
shape unloaded ball hole which uses the inlet and the 
outlet as both ends and continues without any 
connecting point. 

SOLUTION: In a ball linear guide, a loading ball 7 is 
guided along a loading ball groove 16 in an integrated ball 
linear block 15, and the loading ball 7, which concerns 
movement of the integrated ball linear block 15, inside 
the loading ball groove 16 is moved according to the 
movement of the integrated ball linear block 1 5 and 
enters a linear part 1 7e from a tunnel inlet 1 7a of an 
unloading ball hole 1 7 after its direction is switched in a 
semicircular part 1 7b inside the integrated ball linear 
block 15. In addition, the loading ball 7 leaves the tunnel 
outlet 1 7e so as to be led into a loading ball groove 1 6 
inside a dovetail tenon of the integrated ball linear block 

15 when its direction is switched in the other semicircular part 17d inside the integrated ball 
linear block 15. Therefore, no stepped gap due to joining of ball raceway track parts is provided 
because it is formed into a tunnel shape, and rotation can be carried out smoothly. 
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is i-M(6]-r h$m\z.m$. $*vc o -sara-ei- * o ran* 

D»tfWn.fc LflfJEtf-,>uy=7#-l' K^ttfllc h>* 
;H*icfl£fi££ *tr i*.5*Rftffi#-;u:*£: I- J: o ttH-;u 
<©«39SK*^-r€»'H-^'J-T*V KKfcl^T, SUE 

^;utt<7>»fi^-iu?>:)6<i9:it e>*vc^S c t &®mt 

■thtii—>V>) -Tii-< K. 

2 ] ffljre$.t*Hitt*«fc y fc aiitrK#-./u y - 

A<. K«ftffj:ttBltffi<DpQlHl=jtflt-r«U!r»ffiJ:y«: 

•5if*JSi ic8B«**t-r^i)7K-;uy-T**-r K« 
[8**js 3 ] ffiiam<*«iji<** y u *ffirffi7H-;u y - 
r*V K*fcrti::t8it£;KT^-5iiirE«mffi7»<-;uft 

[«*jS4 ] ffi83m(*«it{*<fc y fci>mrEtf-/u y - 

*iTi^-&7R-,/uy-T2H' Ko 

Ko>iitT^isiici«affliHfiJLroi>gf^ 3x1*4 

i=IB«$*i-c^47t?-;uyzLT*V Ko 
[«*JS6] lltJEilH*«£<*A<, C, Si, Mn, C 
r, Mo, W, V, Xli^&lCT i y« 

j££;h.-COi)»*JS 1 frt> 5 *t?fl)H4xA> 1 JSI-Ett£ 

[8t*Jg7] gfE*tt«jt<*A<. SfiitT?, cfto. 

85%. S i&]0. 3%, Mn&O. 3%, Cr!ft4. 
0%, Mo$«)5. 0%, W#)6. 0%, 0%, 

XI*. 46I:ti«o. 6<H>£$t;&G&Xymf£*ti 

-CI^-SiftjRJg 1 t> 5 ^-COHoMlfr 1 Jgl-Eft* tlX L^ 

■Stf-juy-Tfff Ko 

[«#JS8] *-;uy=7av K*t*(BigKi£<D;tj£ 
jS $ *ix 4 asm?? tK-;u^ ti-j:oT 7H-;ua>fia» 

£JfcJSf'&tf-JUy-7aV KOKit^StlcfctNT. 
lWEtf-;U<DfliBSg&<0tti£l::aJ£-f «.«JS<Dfi# 

B^'f^^fFffi'n-^y -T**-f K*<*a>M-»J«Mffl<D 
SMcBtttlt-SS^roxgi:, 

Km 2 ©Ig-eiliJffifi # «f *-<DlStt It & *IT I* aUAE* 

-;uy=.r#-r F*i*.<7>9yMtfLmm<D$if*iiz&mtox.$: 



mm 3 oxa-effiEH # t^rona y # it * *ir i * safe 

-£#fc*JSt&;*£ jJtffl LTfi6S*^fcffJE^-;uy - 

r#-r K*<**Kffirtt?ftaunf!ftfflkSLTffiEe#f ; f- 
fcfiE^-;uy-T#-f K*M*am«£j«£!ffla>i!rta>jltr 

E&JSt»*OTJloa&«*S £ *r o « 5 (OH i: £ *r "f *> C t 
[«#JS9] fJE1&2«>XgKfcU-C, ffJEtf-;KD 

tsaifficDUtiftic^js-r^mitrofi^tf^^^fiR-r-sBg 
ic> frE7H-;uy-T*v K*(*icEite»^*tei:^sf 

|C-OlvCt.fi#*^£ftUSU fJEm3 0Xei;fc^T 

iHrE5tf-;uy-72H' K*fc<z>rtfl£j«S!ffla>Mi::iM<tit 

•5tt#JS8lrE«£*tT^£>7K-;uy-7'#'r KflJSgjg 

1 o] wrEB^*^A<«lB^7'^ y ;u«Bi-e 
ftfiK$*t*. if*S8XI*9l=EK^?*^Tt^45H-;^y 

ic.fey. fifiitr*. c*?io. 8 5%. sifao. 3%. 

MnSKlO. f53%. Crfc)4. 0%. Moi^l5. 0%, 
W*?)6. 0%. V&2. 0%. Tif?lO. 6%S#t?«S 
£&ifc&<flj£<fcyfc-5«*«8XI*9XI*l 0I=EK 
$*ir^-5^-;uy-7*V K©»ift*a. 

[000 1] 

[38GH0>Jg-r *fBMi*^-;uy-T#-< 
■efc^o 

[0 0 0 2] 

[«£*©&»] 7t«-;uy-T#'f KI*NC-7i/>«¥(DX 

ft««i-fciti)X. y. z«u -troffiroftixa, sisjg 

*o 

[0003] 7K->Uy-T#-< KI±iSttlCfBjaS*lT^ 
**^.rL^i.o H10, B1 21*. t£3fc<D7tf- 

^•j^r**-f Kro-^ro^jtS^-rtwe, Ei oi*^ 
SIB. 01 ll*Bll 0©7t?-;uO)1iB8KlcjttofcBiiii£ 

^■rx-xHfisia, si 2i*fflaT«Jss^-r^«0t? 

[0004] cti^roar-, 1 i*«iit^2«)±iz«B$ 
avci^ftKTy 3. 4i*/<7 , y >^*t*i <7> 

B5«si=«t y Mit e>Hx fc y * - > u ^5HtH-;u«j#s t 

LTf^ffl-rSx^K^U- 5l*^Ty>^*<*1 l= 

x>K^u-h3, 4£flsyttit$fc«><Dsatttf-7K;u 

6l*-<Ty >y*<*1 <D«ia^2<DJt3ESBI=»|Sj-r 
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$j#-)\,M. 7it^m^-^m6fH0>^mm-jv. si* 
*t y 1 <D«i)g^ 2 <D»j6®i-^fii-r zmmm 

iaj£fcfflU:?l*3l9&tf 1 OfiKDm&mtf-fr. Ill* 
7R-;i/36Wffli»in»8?. 1 2l*tf-;uyx7#>r K*<* 

1 *«ML SBicaiy^it^fctfxo^uh^^^LrLN 

•5. fcfc, 1 3l*x>K^U— K3. 4<Dn«l=*aC1 
4 iCfc o T Bl y It £ *tT t > 5 a 1 4xKfir Jhffl 05 ? U- h 

[0005] ^©TH-^'J-T^-f K-CI*. tH— ;n*ft 
fitf-^7£LTilffi7K->Uj*6rt£#»]Lfc8L SUM 
^7t?-;u7' i: LTx>K-?U-h3W©^|SlS»fflu 
^tt«9"C-^|S]^ 1 8 0° £&Lfc&, «IIH5#-;U^ 
8£f£»lLfcSL x>K^U-h4rt©^|Rl^»fflU^ 

#3I1 ot?Hu:^iaj^i so- ^8iLf=^. tns?/f*-;u 

[0006] za>^.o\zn^—)^m6 tmnn^—^ 

??8&i;^|S|Sg|fflU*:tt«9, 1 0£fr€,fc.&7K-./U 

-tum 6 G>ffl#l**8ISfr b WgiJUOX-r £ - £ *<§g T? & 
•Stf. itm^?H-^8&i;7J|SlSSifflU?:««9, 1 

oi**fapA^«ifiijiiDx-r§ct/)<ffiin?&€.fc«), 01 

-;u^8A<ttlX$*ifc'<T'J>^*»:i E«tta>*t 

a iciHt-r § u ^&<Dl5fa u 
9»UM 0*<-5-ti^*L«JS'J*OX$*ifcx> K^U- h 

3. 4. $e,ici*, *-;u3^ffl¥R«£6P 1 i£**i^ 
ttSij^ic^figLja^-^^-ttr, *u=r*f«r K*<* 

[0007] fcfc\ ^roaro^u-r^ Ki*. a 

^BB6 2-2 7 2 8 7^«Sf|zB8^$*tT^ 
[0 0 0 8] 

[*B^A<»*LJ:5t-r*SE] SIS. -«I=I4. *7 
y 1 1* % ^IStt<D^P^<7i?fl|ja**t. x>K 

^u— h3, 4ici*> #R^^»S-r7K-;KDiiKA<iai+ 
e>*ir^.6»flgi!<ox> k^u- hjb<ffli^*vct^.&. 

[000 9] -rut>*>. tt««©7H-^niaA<*nx$*i 
fc^p * y tc-s^T y loRW^niMK 

o> tf-;uiI8&a>t8it e>*ifc xi/K^u— h*yjS4x> 
K^U— h3, 4$i»#it7H;uh5t?HSLT«§^-at-c 

[00 10] w(D«fc^lc^p^^ ii> K^U— h<k^ 

-< > A<d&-5 ©T- ^ P ^7 i: x > Krf U— h i: ^tp-t+SJ IC 

i*7H-;uiiKo>^t>i*ic«>:*as> -r^^^^T-j >y 



#{*1 ti>K^u- K3, 4<ka>lffl0>&gi::a-3£ffi 

«ty«jfi*<s«-r*fc«>. TH-yu^asA^-rLtxA 

LV *fcs x^K:?U-hffltl=8rflI£flHvCl>£ 4,0)1* 

[001 1] Sfcic, Si^Sx-ei*, »SqaijfefcSfc 
«>6Bftj&»*t# < . *<7>fc«>x>K:7U-K ^K>© 
JRttffl* <©«fi^ax»3b<^ < , tfyuK /<- 

'voD^-a-f^ieA^s-c. f*sexssa*<* < . *§&ti- 

[0012] #38181*. saisue, xA-xime, <g« 
^xe«A<'>ft<. isa-ctg^-c-as 

[0 0 1 3] 

I- £ &;hfc*s&i0i0>«j«i*2fe<D$n < -efc-So 

[0 0 14] *fMUtf»tf— ^'JxTrtV Kl*, 
( 1 ) tH-;u 'J -7*V K*tt<Dj£»£<D;&;£Slc*t 
iRir •SfflS®l-^»«$*t-C^4«l5-5 ! l=* oT«|fiE$+ir 

UJP i: UfiH8B7t<-;u y -T^f-r K*(*rt 1^ h >*;u«lc 

»*^-r«>7H-;uy-T#-r Kicfci^r, fiiH^-^ 
y -r*v K*{**<iiM*«j&# j; y ^ y , Km«:«jt<* 

<OStFffi»l5-€cO05^l=7H-;KDAO&U;mP$^L. 
AO&i;aiP*il«l!i:U»«jSl'S:<a«-r4 h>*;u« 
©«ift^^-ju^A<i9:it &4iri«« c t tWfltfc-r i>» 
[OOI 5] (2) < 1 ) I=J3UT. ffIfE*«:fllifi«: 

.fcyEE-sfrETP-^y-r**^ v*&.n\zm-tt>i\-c^ 
fii-r s u^jbsb j: y - 1 inmti- 

[0016] (3) ( 1 ) Cifc^T. BJfEmit«jS(* 
<fey<f*SIIlE7K-^y-T#-< K#<*l*)l^l9:lte.^-C^ 
•S8fT8B«lft^7H-;u?tA<. «R»ft«llc*o-C«|J«$4i 

[001 7] (4) ( 1 ) icfctxr, BiTKilittflliU* 
^yS-SffllBTH-^y-TAV K*^*:rtlcKl+t>^^TL^ 
*ffr8E«f&1§f7H-;u^A<, R»lftjSll=^oT«l5!cS*lT 

[0 0 18] (5) (3) XI* (4) |ZJSI*T, fllTlH 

7i?-;ufl>^aiK*<fiiH7H-^y-7'*f'r KroJift^iaiic 

[0 0 19] (6) (1) *>t> (5) ^fO^-r+lA^ 
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Mo.w, v. xi*£f>i-T i ££t:tt$*«fc y*|j»* 
[0020] (7) (i) frfc (5) z-eni^irtifr 

icfclvC, «TBBm«:«IJt(*A<, Mitt?. C«|0. 8 5 
K, S I^O. 3%, Mnt^O. 3%. C r#|4. O 

Mo$l5. 0%, W«$>6. 0%, V#)2. 0%. X 
I*. £€»KTiff)0. 6 y«j£ 3 *VC 

[002 1] *nMO>tf-n>>) -7tf4 KroSiit^JS 
l±« 

(6) tf-)l><)-7ii4 K*{*«>lBlkft0!>ft£llll=tt 
A^&ffl1®l-fl£Jilc£ftTlx&KI5-?l:: «fc o"Cfltlilt£*i."C 

ttiO i: LATENT 'J h >*;U«IC^JS**1 

1g 1 (OlSi. KS5 1 ©XgT-^ftfcllfrEfi^T 
lt5^2(DXg<t, Km2«)XgT?fl8HB^«f^0)l»(t 
<DSMlc&Bt»3fc£/W>*-T-SISLTfc£>^U-;/ h 

*staias-r*m3<Dx8t, K8i3<©xg-emrffiB# 
^(ou y tt it * tit sumx-n, y - r k*<* 
«>»1-KJft£Al«>£ni=/<<r >^-*#t;*JH»3|5^Sta3 

ffi^DDSftffla L -CfFEB £ * =F ZmtiL? Z> «JS £ &3kt 
5^4 0)11^, KSMcOXg-efljEB^^flMfc-f 

f&mm<DM W©H1JE&Ht»*CD flDJ!ft&l§£ 5 35 5 ©I 
8<t £*rf Z> Z t GMkft ho 

[0022] (9) (8) iZtSl^X. tfrES^OTXH 

B*«t»***MW*BH=* frffi5t?-;U'J-T^-< 
l-KI+fcftSfcCft^l-^Ttfi^^ftJiJiU ffir 

Em3©xsicfci>rffiE7H-;u'j-T#-r K*<*a>*t 

[0023] (10) (8) XI* (9) Ufr 

EB^^^-*<«ia^r * y )\,®mviti&*ti& zt&& 

(11) (8) XI* (9) XI* (1) Kfcix-C. IfflE 
/W>*-£#fc&Bt»*A<SWSl=<i:y, SSitT-. C 
&I0. 85%. S i#IO. 3%. Mn&O. $*)3%, C 
r$*)4. 0%. Mo*?)5. 0%, WfQ6. 0% s V#) 
2. 0%, T i JKlO. 6 U 

[O O 2 4] 

[36li80>£J60>flSfiS] JUT, **WO?H-;u'J-7 , **-< 
[ O O 2 5 ] 01 (4*«IW<D7t?-;U 'J -7 #-f K<D«*1S 



a. E2i*^— ;u®ai»i=»^f=BfE$*-riai<ox- 

XHf®0, 03l*01<D7t«-^U'Jz:T*V KOiifT^iai 
iclEft^WSS^^Lrfcy. 01 0~1 2tl^-(D« 
#l-l*l^-©$?*§-J!><tt L T & £ o 
[0026] ^*ie>O)0lcfcLxr, 151*010-01 

2i=^Lfcfi£S50)'<Ty>y*(*i tM«B«a>:i:>K? 
u- h 3 so: 4 *<-<* t & o fc t axes a-r a -mt $ 

ayttfrfh) . 1 eii-^bTH-vuy-T'^P v^ 

1 5<otus j eaiic«ia3F*tr7t?-;Koaffii:/<f-sm^ 
— i«» (01 o~i 2©m^-^»6iz«a) . 1 7 

it-mttf—JVJ-TJayt i 51- h>*;utticiS:i+ 
f,*i7H— >\><»ffl&bti;&m$mft— (010-12 

©«fm^-;u?t8ai;^isi3E»fflu^tt,ii9, 1 ok 

-^bTK-^uy-T^p-v^ 1 5<7>M4gi-. noat; 
01 2<7>ist3isa>Ji*-n<y-T#-r Ki=fct>-ciay#itt, 

[0027] co>7f<— -T*r-f kt?i*, -mtin— 

l\,*)=.7-yu~j* 1 5«>mi57H-;U»1 6|Z-tot^ 
7t?-;U7A<*V K£*u -^bTH-zuy-r^P-vf 1 
5<D^KilcB8#UfcfiW7H-^l 6rtOJltt#-JU7 

i±. -mt#-)i,>)-77ny<? -i sommzftiimm 

U »tfifi7H— JU?t 1 7(0h>4'-;UAni 7aAxf>-{* 

fb7H-;wy-T^p yf 1 5rt(*mw»i 7 bi-fctx 

<)-TZfay5 1 5rt<Dffi«)*R»fiP1 7dSPlCj3t>T 

^|pJSJftL-c h>*;uttiP i 7 e$ffir-(*fb7H-^'j 
-r^p-y^ 1 5 roais-ertfl)^7K-;u» i 6ic3>*> 

[0 0 2 8] 3felC, *«B^(D7H-^"J K©S)S 

^©^jfiro-^iiico^-citt^-r-So -rtf^*., 
fb7H-;uy-^p-v^ 1 5$Bjt-r-6i3i*, 

(1 ) $10)Xi : -mttii—JU'J^Tyayt 1 5© 
*Hfcf*fi)cffl«>l>£. -mti$-)\, <J —7-JU -j 9 1 5<D 
»l5^S»l=7P-^roaKi: LTfltfiESttTL>4m^7H- 
;u»1 6t— tt:^— ^l/'J— r^P-y^ 1 5l-h>*JU 

tticKit e>^r *j y *-;kd«& t u r«iiiE $ tix 
«i^^-;u^i 7 (fi6*ro^-iuy -TiS-i Kicfcix 

■C. ^T'J >y*f*1 rtl^BE$*trL>«7t?--»UffiKi: 

y > ? i oil«8icBi y ft it e. ti * i > K ^ u- 

h3. 4|cJ:oT7H— )l>0)OL&t LXmfiLZtlXl^&m 

cofi^tf^i*, «^.i*. i&M&rfjii'mffiX'ft 

[0 0 2 9] 04l*B**^-a»JBtt^T:-r^«0t?, 1 

8 i*tH-;u y -r*'-r KrowiJi^ 2 icttisrf ^passi^K 
a-r-s^ofif?*^ 1 9&i/2oi*-<*<b7i«-^y 
^r^p-y^ i 5rti=»fi£$*t-5m«7t«-^/1ti 6&u: 
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[0030] (2) m2<DXg : mi«)Xg-efffiEUfc 
B#*-¥-i 8, 1 9, 20$. H5l=^-r«fc3fc, -(* 
ittf—fr'J-TJa vV 1 5«>n^Beffl<DM3 OKB 

[003 1] (3) «3©lS:»2fl)Igt?7K-JHI 

3 0, ±13 1 lc,fcoTfl£fiE£;h.fc£raWI-&!5t83fc£ 

T. 6^*^-1 8, 1 9, 2 OtStWlffiMlc^oT^JiE 
SftfcStttiJSSLfctf-ttl-fc ofc. SI 6 Ci^T * 5 fcu 

>y-tf*a»5S* ItttJ fiRJKT- # £> cfc 5 icf * -7 v >? * 

[0 0 3 2] CIITM*. &JBt»*fc LTIi. 0H3.IS. 
C. Si,Mn, Cr,Mo,W, V, T i, SiFe 

[0 0 3 3] L.TI*. ^UifU>, 

??^u:7*u-h£i 8 0°ci?5E^;1«Lfca)$ffl^ 
fc. 

[0 0 3 4] f L.T, -iU-v M*&JSt»3fc£!g»-e5 8 
% (55~58%) IC^Lt4 2%, $t>lCC£3%g5 

[0 0 3 5] (4) ®4<DXS : H3<DXS-e*JSt»3S 

jST^yn'StBgSiOfi^^l 8. 19. 2 0l*58fl|. 

[0 0 3 6] CCflt S^tf^t LTffiHt^roT^'J 

lt^T^u;u«S8<DKs*i=(*. m*.tt. SIS. 6 0^0. 

1 OOt, 1 6 0t, 2 0 0°C. 2 4 0°C. 4 O 0°C 
l=. -t*^*.. 3 0», 3 0#, 3 0#, 2B#|Hl. 1. 

5B*ra, i. 5^rai-«i#-rsttiii-sjsftiJt»LrfTt3 

[0037] (5) m5(0XS : m4 0)XSI=5l#l«# 

H£+T-SS£±ifraaf!&-f 5 cilery. &Bt»;*£ 
juy -t^p-v^ i 5*<flUj££*t-5. 

[0038] 07i±n£* t=fcit-sene«is«)^o-b7. 

<D-«(DlftBJ§ET-1?t«il-B#r!l]. «IWlc«iSaSA<flSor 
fc-6o &&<D1km* 1 2 O 0°C. «»j£T* 'J 
»jSl*2 2 0 o CJaTT?fc£(0T?, S4(DlSt, ffiKjS 



79 'JA>fflStA<3«*LTB*£$ftxaizfc^-CI;i\ £fc 
i±<=ie>£ftM±-r. *-<7>&a>®5<oxfii::a3it*#£ffliS 

[0039] fcfc. -«!=*— iU'J=T*-f Kl=tt, C 
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